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INTRODUCTION
Low-weight births have long occupied the American health disparities research agenda because African-American mothers have a much higher risk of a low-weight baby than do white mothers. Struening et al. 1 examined the effect of the 1970-1980 change in number of housing units on frequency distribution of low-weight births in the 380 health areas of New York City. Although the average and median proportion of live singleton babies weighing less than 2,500 g declined between 1970 and 1980 and between 1980 and 1986, variance and range increased greatly, as did the maximum. Well over half of the variability in proportion of births below 2,500 g in the health areas with over 90% of the population African American and with increases in low birth weight (LOB) over 1% between 1970 and 1980 was explained by the decrease in number of housing units between 1970 and 1980. Struening et al. reviewed the literature on factors fostering high proportions of LOB: housing overcrowding, family instability, family income, and neighborhood socioeconomic status. They concluded that the housing destruction of the 1970s led to a polarization in the quality of births between the poor communities of color and the rest of New York City: "The range of minimum and maximum values, which increased from 0. The literature on LOB and psychosocial and socioeconomic (SE) factors is rich and of long standing. David et al. 3 showed that African American mothers had lowweight babies at a much higher incidence than African mothers, implying that US SE factors distressed African American mothers. Roberts 4 showed that neighborhood and neighborhood characteristics influenced patterns of low-weight births in Chicago. Texeira et al. 5 found that pregnant women troubled by anxiety had a higher uterine artery resistance than those without anxiety. State and trait anxiety both were effective. They concluded that this physiological impairment from anxiety might explain at least part of the consistent relationship between maternal anxiety and low-weight births.
Barker et al. examined life courses and long-term health of Finns in the Finnish registry. Birth weight and early childhood growth determined many adult health patterns such as risk of coronary heart disease. 6 People in the registry who were lowweight neonates exhibited much higher prevalence of anxiety in their senior years. 7 This cohort showed hypersensitivity to stress of the hypothalamus-pituitary-adrenal axis. This anxiety probably arose well before age 60. Between the finding of Texeira et al. that anxious pregnant women have a physiological impairment which may lead to low-weight births and the finding of the team studying the Finnish registry that low-weight babies ended up as anxious adults, a potential vicious circle arises which implies intergenerational effects of anxiety and stress.
Although multigenerational studies on birth quality and its determinants are scarce for humans, animal models are numerous. One of the most recent reports concerns the famous cycling of the snowshoe hare population. 8 The peak-to-peak period of the cycle is about 10 years; that of the major predator (Canadian lynx) is also 10 years but lagged behind that of the hare. Predation is the major determinant of the hare's cycle. At the peak of the lynx cycle, predation pressure on the hare is intense (percentage of chance of being eaten).
Sheriff et al. 8 noticed that when predation pressure crashed, the increase in hare population was delayed for no obvious reason. Food was abundant; predators were at low population levels. Sheriff et al. found that the females of the intensely preyedupon generation had high levels of hare stress hormone in their urine and gave birth to fewer and smaller offspring. The second generation (the fewer and smaller offspring) also had high levels of stress hormone in their urine and also gave birth to fewer and smaller offspring than the generations of the upswing and peak of the hare population cycle. Thus, the stress of intense predation lingered to the F3 generation although the only generation to have experienced it was the F1.
In this paper, I shall discuss the possible factors behind the stubborn health problem noted by the New York Department of Health in the context of Struening et al. 1 I shall examine (1) population level geographic patterns of low-weight birth incidence across the 30 health districts of New York City over time and (2) birth weights of babies born to women living in Upper Manhattan who themselves were born during different stages of the housing destruction described by Struening et al. Both intergenerational influences and conditions prevalent around the time of the birth will be examined as potential contributions to incidence of low-weight births.
METHODS
The two sets of data and analyses here consist of birth records of a cohort born in 1998-2001 to mothers recruited by the Center for Children's Environmental Health at the Joseph Mailman School of Public Health (Columbia University) and health district data (both birth weights of live births for 1989-2008 from the Annual Summary of Vital Statistics published by the New York City Department of Health and SE census data posted on InfoShare). New York City designated 30 health districts in the late 1960s, each with roughly 100,000-300,000 people.
Statgraphics 5 Plus for Windows was used for the statistical analyses of these two data sets.
The recruitment of the expectant mothers of the birth cohort is described in Wallace et al. 9 The babies' weights were grouped according to the year of the mother's birth: before 1965, 1965-1969, 1970-1974, 1975-1979 , and 1980 and later. The descriptive statistics of these grouped birth weights were generated (mean, standard deviation, median, minimum, and maximum). T test and Mann-Whitney non-parametric test were applied to compare the means of the grouped weights. The percent of low-weight newborns in each group was also calculated.
The mean annual incidences of low-weight births of the health districts were mapped for 1989-1991, 1994-1996, 1999-2001, 2004-2006 , and the sole year of 2008. The maps displayed Health Districts with the following ranges of incidence: 12% or above, 10-11.9%, 8-9.9%, 6-7.9%, and below 6%.
Bivariate and stepwise backwards multivariate regressions were performed with the percent of low-weight births of the Health Districts as the dependent variable and the SE variables as the independent variables to explore associations between incidence of low-weight births and SE factors. The SE factors included population change between decadal censuses (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) , median income, percent in poverty, percent with public assistance, percent unemployed, percent adults without a high school diploma, the racial/ethnic composition of the health district, and incidence of homicides per 100,000 persons. Except for the population data which included 1970 census data, the SE variables were drawn from 1980, 1990, and 2000. The regressions explored associations of the mean low-weight birth Additionally, the SE variables of the 1990 and 2000 censuses were regressed against the population changes of 1970-1980 and 1970-1990 to explore whether population instability was associated with such factors as homicide incidence, unemployment, segregation, and other variables that were associated with patterns of incidence of low-weight births.
An index of segregation was calculated as follows: the percent African-American of the health district was divided by the percent African-American of the entire city. A similar index of segregation was calculated for the "Hispanic" population. These indices were independent variables in the bivariate regressions also.
RESULTS

Upper Manhattan Birth Cohort
The birth weights of the babies born to the mothers studied in Wallace et al. 9 are summarized in the text table below. These mothers lived in areas affected by the 1970s mass housing loss. Contrary to the weathering explanation by Geronimus 10 and contrary to the cross-sectional finding by Rauh et al. 11 that the older the African-American mother, the lower the baby's birth weight, mothers born 1975-1979 had markedly smaller babies than mothers born in 1970-1974. Indeed, 6% of the babies born to the mothers of the 1975-1979 cohort had weights less than 2,500 g, whereas only 1.6% of those born to the 1970-1974 cohort had such low weights. However, all the maternal age classes had much lower incidence of lowweight births than did the home neighborhoods and than did the entire city.
Thus, the babies born to mothers born during the 1970s destruction of housing had a much higher probability of LOB than those born to mothers born immediately before that event. (Figure 1c ), many districts had further improved. None had incidence of 12% or more. All but two districts of Manhattan dropped into the 6-7.9% category. Of the two Manhattan districts not in the 6-7.9% category, East Harlem improved from the 10-11.9% to the 8-9.9% category. Two Brooklyn districts (Sunset Park and Williamsburgh-Greenpoint) entered the best category (G6%). All but two districts of the Bronx had improved into the middle category of 8-9.9%. However, Richmond (Staten Island) worsened into that middle category. Figure 1d ( [2004] [2005] [2006] shows deterioration from the improvements of 1999-2001. Of the Manhattan districts, only the Lower East Side remained in the 6-7.9% category. In the Bronx, only two districts remained in the 8-9.9% category. Brownsville's incidence exceeded 12%; and Jamaica West in Queens, 10%.
THE CHANGING GEOGRAPHY OF LOW BIRTHWEIGHT
In 2008 (Figure 1e ), Brownsville was joined by Bedford in the worst category (over 12%). However, Mott Haven in the Bronx and Jamaica West in Queens improved into the 8-9.9% category. Sunset Park's LOB incidence approached the national target (5.3%).
Regressions
In simple regressions, the 1989-1991 average LOB incidences were associated significantly with most of the selected measures ( Table 1 ). The two measures with highest R 2 were black segregation and murders per 100,000. Unemployment rate also shows a high R 2 . When we look at the regressions of these socioeconomic measures as dependent variables with the percent change in population between 1970 and 1980 as the independent, we see that many are strongly associated with that extraordinary change in population: percent in poverty, percent with public assistance, and murders/100,000 especially.
The stepwise regressions on Table 1 show that black segregation and murders/ 10,000 explained about 85% of the 1989-1991 pattern of annual average LOB incidence. Other combinations of socioeconomic measures also explained high proportions of the pattern: percent public assistance, percent poverty, and unemployment rate; and percent public assistance and adults without high school diplomas. However, the primary combination of these factors was black segregation and murders/100,000.
By year 2000, the number of SE factors that yield an R 2 over 0.1 was reduced (Table 2 ) compared with 10 years previous. Black segregation was the sole factor with R 2 above 0.6. The number of SE factors significantly associated with the percentage of the 1970-1980 population changed and their strength of association also declined. In stepwise regression, black segregation swamped all other factors associated with LOB incidence. With black segregation removed from the stepwise regression, murder rate and percent public assistance yielded an R 2 of 0.57, with percent public assistance negatively associated in the model.
In 2008 (Table 3) , black segregation was associated with LOB incidence with an R 2 over 0.7. The 2007 Summary of Vital Statistics included health district murder rates. These murder rates were associated with the 2008 LOB incidences with an R FIGURE 1. Maps of incidences of low-weight births by health district. Black incidence of 12% or above, cross-hatching incidence 10-11.9%, stripes incidence of 8-9.9%, stipple incidence of 6-7.9%, white incidence below 6%. a Annual average incidence 1989-1991, b annual average incidence 1994-1996, c. 2 of slightly over half. However, the murder rate of 1990 and the 1989 percentage of public assistance as independent variables in stepwise regression yielded an R 2 somewhat greater than that of the 2000 murder and unemployment rates. Table 4 summarizes the results of the bivariate regressions and the mapping. In particular, the changes in number of health districts with LOB incidence above 12% and above 8% over time tracks the improvement and subsequent deterioration in LOB incidence across the city. In 2008, more health districts had an incidence above 8% than in the 1989-1991 average. In 2000, the above 12% category was empty; in 2008, it contained two health districts.
DISCUSSION
Four recent publications explored the geography and SE variability of LOB, especially the contrast between African-American and white births. Love et al. The first designation of each group is the economic class of the mother's neighborhood of birth, the second that of the neighborhood in which she lived when she gave birth. The rates of LOB, small for gestational age, and pre-term birth were calculated by maternal characteristics, including age, and stratified by neighborhood median income classification. In the simple comparison between African-American and white mothers, Geronimus' "weathering" can be easily seen: the higher the age range of the African-American mothers, the higher the incidence of LOB. However, when babies of the African-American mothers classed in the upper-upper group were compared with those born of lower-lower group, only the latter showed "weathering." Because "weathering" was not seen in the lower-upper classification, the authors concluded that LOB and small-for-gestational age incidences depended heavily on maternal economic stresses in adult life, rather than fetal programming of the mothers. However, the authors did not use an important piece of data on the mothers' birth certificates: the mother's own birth weight. LOB is linked to many poor outcomes which could hamper both upward economic mobility and retention of higher economic status. Thus, the data used by the authors cannot really prove that the only factor in the "weathering" phenomenon is adult economic circumstance and cannot rule out intergenerational effects.
Two papers examined neighborhood stressor effects on birth weight. Schempf et al.
14 looked at births in Baltimore in 1995-1996 and used such neighborhood level characteristics as racial and economic stratification, violent crime rate (as a measure of social disorganization), and physical deterioration. Individual-level data were collected postpartum and included sociodemographic, psychosocial, and risk behavior factors. Although stress, perceived locus-of-control, and social support explained a small part of the difference in incidence of LOB between the best and worst neighborhoods, controlling, in addition, for such risk behaviors as smoking, drug use, and delayed prenatal care rendered the difference non-significant. The authors concluded that neighborhood conditions operate through the mediating factor of coping risk behaviors. Nkansah-Amankra et al. 15 acquired data on 8,064 South Carolina women, their neonates, and their neighborhoods. Individual-level stress was measured and neighborhood disadvantage was classified. The results of modeling showed that stress greatly raised the risk of both LOB and preterm birth only for women living in disadvantaged neighborhoods.
In the fourth paper, Grady 16 analyzed racial disparities in LOB across the census tracts of New York City in 2000. Similar results to this paper are reported in Grady: black segregation in 2000 was a major independent influence of pattern of LOB incidence. Additionally, census tract poverty rate was the major independent influence on incidence of LOB at the individual level. Thus, the two factors operated at different scales but both were important determinants of patterns of LOB.
Center Data
The birth weight data from the Children's Center for Environmental Health at the Mailman School of Public Health (Columbia University) included over 200 babies born to women residing in Upper Manhattan (above 110 St. and west of Fifth Ave.). In the two groups of particular interest, 63 babies were born to women born before the upheaval of 1975-1979 and 116 to those born during the upheaval period. These groups are large enough to generate sound statistics. Average birth weight of neonates born to women who were themselves born during the upheaval was much lower than that of neonates born to women born before the upheaval. The percent of babies in the low-weight category born to mothers who were born during the upheaval was about four times that of the babies of mothers who were born before the upheaval, a hint that pregnancy during the upheaval was stressful to women in the affected areas and that these effects carried over into the F3 generation, just like the snowshoe hares.
This pattern of lower birth weights of babies born to younger women contradicts the findings of both Geronimus 10 and Rauh et al. 11 The Center neonates were born to women who did not smoke at all, take drugs at all, or drink on a regular basis. They participated in prenatal care and took advantage of all the perks that the Center offered, such as non-pesticidal pest control and apartment cleaning and repair, dietary supplements, and detailed advice on healthy living. Yet, somehow the women born during the upheaval had smaller babies on average and a much higher percent of low-weight babies than the older women born before the upheaval. This result is so startling that it merits a much larger study, perhaps with a large number of sets of birth certificates linked between mother and baby.
The women recruited by the Center were so healthy and health-minded that the rates of LOB even for those born during the 1975-1979 upheaval were much lower than the citywide rate. This is important because it also shows that the risk behaviors noted by Schempf et al.
14 are also important in LOB production. However, the data on the Center neonates somewhat contradicts the results of Schempf et al.
14 that neighborhood disorganization operated through the medium of maternal coping risk behavior, such as smoking, toward the low-birth weight outcome. The Center mothers did not indulge in such risk behaviors. It appears that being born during a particular time of targeted de-housing and resulting social disorganization had direct effect on the babies and eventually on their own babies. Although low birth weight may be strongly associated with coping risk behaviors in the context of high levels of social disorganization and resulting street violence, stressors may also impact directly. The Center data are also somewhat at odds with the findings of Love et al. 13 because an effect of fetal environment appears in these data. As the outfalls of the 1970-1980 housing destruction (high rates of murder and other violence; of illegal drug sales and substance abuse; of multipartner sexual activity; of precarious housing) began to recede in the 1990s, their impacts on LOB incidence also began to recede. Studies in New York and Baltimore had linked rates of low-weight birth with these outfalls, especially violence. 14, 17, 18 The factors behind the deterioration from the low incidences of 1999-2001 require exploration beyond merely mapping, but we can speculate that the downturn in the economy in the early 2000s and the slide into serious economic recession after 2007 played an important role in combination with the foreclosure and housing crisis of the late 2000s.
What the Health District Maps Show
What the Regressions Show
Ecosystem resilience theory can help interpret the results of the regressions. Holling 19 articulated this theory in 1973 to explain how ecosystems deal with impacts and why they suddenly without warning may shift into an entirely different structure and function. For example: a lake may become eutrophic in a very short time. The relationships between species in an ecosystem may be either loose or tight. Ecosystems with many loose connections are resilient: they can absorb an impact with little or no visible sign. However, the impact will sever some loose connections and cause the others to become tighter. As time goes on and the ecosystem absorbs more impacts, it shifts to a tightly connected brittle network. Finally, impacts become amplified through the tight connections and eventually cause a "domain shift" (Holling's term) . Coincidentally, Granovetter 20 articulated his theory of loose and tight social ties in 1973. Resilient human communities are composed of dense layers of social networks connected by many loose ties and do not collapse when impacted by the usual urban problems, but confront them and minimize them. At about the same time, theories of developmental resilience appeared in the psychology literature, as reviewed and further developed by Masten. 21 Children who experienced trauma had a number of possible developmental trajectories; those with diverse family and community resources tended to develop normally. Those with narrow family and community resources retained their psychological wounds and had poor trajectories of development.
In the context of black segregation, the housing destruction of 1974-1978 led to severe domain shift as has been described in papers such as those published in the NYAM Bulletin (vol 66, #5). Massey and Denton 22 describe the mechanisms of establishing and maintaining Black segregation. Certainly, the previous waves of forced displacement such as urban renewal played a role in the distribution of AfricanAmericans in New York City in the late 1960s-early 1970s. 23 The disaster of 1974-1978 shattered brittle communities and led to the epidemics of violence, drug trade, substance abuse, and other risk behaviors. The relationship between the upheaval and these outcomes has been described in many publications. [24] [25] [26] Social controls in these shattered communities could not reach efficacy in the sense of Sampson et al. By 2005, the improvements in LOB incidence seen since 1990 had begun to unravel. By 2008, deterioration was highly evident. It appears that the individual women and the entire communities that experienced the 1974-1978 upheaval and the outfalls of that upheaval through the early 1990s were vulnerable in the longterm to such events as the economic downturn of the late 2000s and the housing/ foreclosure crisis. This vulnerability signals lack of resilience and fragility. Thus, past and present events interact in this deterioration in LOB incidence patterns.
The four recently published papers [13] [14] [15] [16] all examined cross-sectional data for a single year or a few years. Here, I have looked at patterns at several points in time and seen differences in both the geography of low-weight birth incidence and in the independent variables of significant influence. The particular pattern of deterioration in 2005 and 2008 hints at a deep and long-term effect of delayed outfalls of the 1974-1978 mass housing destruction, namely heightened vulnerability through decreased resilience. Historic trajectory must be part of research on low-birthweight disparities. The pattern of deterioration is also consonant with the kind of intergenerational effects seen in the Upper Manhattan birth cohort. Babies born to women who were born during a disaster or were small children during a disaster may reflect the greater vulnerability and lack of resilience of their mothers, compared with babies born to women who were born or grew up in secure, stable communities.
CONCLUSION
Compared with the declines in rates of LOB 1970-1986, the 1988-2008 failure to improve casts a long shadow over NYC public health. The NYC DoH statement about citywide stasis oversimplifies reality as the maps and regressions in this paper show. Because of the fragility of the people and communities affected by both the 1974-1978 upheaval and its delayed outfalls 1980s-early 1990s, the geography of LOB incidence shows active dynamics, not stasis.
African-American communities seem more vulnerable to effects of the 1974-1978 upheaval and its outfalls because previous upheavals of urban renewal, redlining, and block busting generated a stunning lack of diversity (dearth of "weak ties" à la Granovetter). The upheaval of the 1970s itself had multigenerational impacts. Serial mass displacements act like serial ecological impacts on natural biological communities: they erode resilience and lead to domain shifts à la Holling. Even if individuals move from the impacted communities, the resilience of the individual migrants has been eroded à la Masten. That migration leads to a rise in LOB incidence in the receiving communities such as Richmond and Westchester.
Besides the not strictly genetic physiological mechanisms of inheritance such as epigenetics and placental programming, we have to consider cultural transmission. Repeated attacks on African-American communities may possibly have generated a culture of anxiety and hyper-vigilance, contributing to trait anxiety, among other outcomes. Yet, very little research on the public health outfalls of culturally transmitted, event-reinforced anxiety has appeared in the literature. Segregation results in communities that share and transmit this culture. Is this dynamic part of the reason that segregation is a major determinant of health district incidence of LOB?
Much further research is needed to answer questions about the interaction between historic and present stressors in determining patterns of low birth weight incidence at a variety of scales from the individual to the community to the municipality and metropolitan region. Much more exploration of intergenerational links is clearly needed to understand these interactions. A database such as that used in Love et al. 13 would be a treasure for the needed analyses, if all the available data were used that could address the question.
Clearly, there are vast areas of research yet to be explored on the question of disparities in incidence of low weight births. However, even now, we know enough to develop the public health policy of reducing the anxiety of pregnant women that stems from the threat and uncertainty of precarious housing and of communities being repeatedly destroyed by mass de-housing. 
